Actinomycetes which require alkalinity for growth have been isolated from Japanese soils (9). It is very interesting that these organisms show optimum growth at pH values of 9.0 to 10.0, and they show only scant growth or do not grow at all at pH 7.0. Although all of the newly isolated strains are very similar in morphology to conventional streptomycetes containing LL-diaminopimelic acid, one-half of them contain meso-diaminopimelic acid. Chemical and morphological characteristics have shown that four of the alkalophilic isolates with rneso-diaminopimelic acid belong to the genus Nocardiopsis. In this paper, we describe the characteristics of these alkalophilic Nocardiopsis strains in detail, including the criteria establishing them as a subspecies of Nocardiopsis dassonvillei.
MATERIALS AND METHODS
Bacterial strains. The strains studied are listed in Table 1 . Strains 153, 161, 164, and 208 (T = type strain) were isolated from soil samples from various districts of Japan by the method described previously (9). Preliminary tests were carried out on the isolates to cahfirm their requirement for alkalinity; isolates unable to grow at pH 6.0 but able to grow at pH 10.5 or above were definkd as alkalophilic strains. Four of these strains were used in this study. These strains were routinely maintained on yeast extract-malt extract agar (13) at pH 9.0 to 10.0.
Morphological characteristics.
Ye as t extract -ma1 t extract agar and inorganic salts-starch agar (13), both at about pH 10.0, here used for microscdkic studies of the sporophores and spore surfaces. The inoculated plates were incubated at 27°C for 14 to 21 days and were directly observed with an optical microscope. Transmission microscopy (Hitachi model, HU-12 microscopd) and scanning electron microscopy (Hitachi model S-415 and S-450 microscopes) were also used.
Growth characteristics. Strains 153, 161, 168, and 208T were cultivated on yeast extract-malt extract agar, inorganic salts-starch agar, peptone-yeast extract-iron agar, tyrosine , * Corresponding author. agar, oatmeal agar, glycerol-asparagine agar (13), glucoseasparagine agar, Czapek agar, and nutrient agar (15) . The pH of each medium was adjusted to 8.5 to 10.0 by adding a sterile 10% Na2C03 solution after autoclaving. After 14 to 21 days of incubation at 27"C, the growth and color of both the vegetative mycelium and the aerial mycelium and the production of soluble pigments were described. A color harmony manual (2) was used to assign color designations.
Optimum pH for growth. Growth was estimated by determining total adenosine triphosphate contents. The basal medium used contained the following components (in grams per liter): yeast extract, 0.5; L-asparagine, 1.0; glucose, 5.0; glycerol, 5.0; MgS04 * 7H20, 0.01; CaC12 . 2H20, 0.01; and K2HP04,O.l. The pH of the medium was regulated by using the following buffer systems: 0.01 M glycine-NaOH and 0.01 M NaH2P04-0.01 M Na2HP04. The pH values were adjusted to the desired levels after sterilization. After 4 to 6 days of incubation, cultures in the test media were gathered by centrifugation. Adenosine triphosphate was extracted with 0.51 M trichloroacetic acid. Samples (100 ~1 ) were injected to vials which contained 10 ml of 10 mM tris(hydroxymethy1)aminomethane buffer, (pH 7.7) and 100 11. 1 of a luciferin-luciferase (type FLE-50; Sigma Chemical Co.) solution, and adenosine triphosphate was measured by using a JRB model 2,000 adenosine triphosphate photometer.
Chemotaxonomic studies. The strains were grown in conical flasks containing either tryptone-yeast extract broth or yeast extract-malt extract broth (13) at pH values of 7.0 and 9.5 for reference strains and alkalophilic isolates, respectively. The inoculated broth cultures were grown on a rotary shaker at 30°C for 4 to 7 days, killed by adding 1% (wthol) Formalin, and freeze-dried.
Freeze-dried whole-cell preparations were hydrolyzed; the form of diaminopimelic acid and the presence of diagnostically important carbohydrates were determined by using microcrystalline cellulose thin-layer chromatography plates (14) .
Cell walls were prepared from washed cells by the procedure described by Cummins and Harris (3) . The purified cell wall preparations were hydrolyzed (3) and analyzed for amino acids by using an amino acid analyser (Hitachi). Phospholipids were extracted with chloroform-methanol (2:1, wt/vol) by stirring overnight at room temperature, filtered in order to remove the extracted cells, and concentrated with a rotary evaporator at a low temperature (below 37°C). The lipids were then washed by the methods of Folch et al. (4) and analyzed for polar lipids by using silica gel thinlayer plates (10).
Freeze-dried cells (30 mg) were suspended in 1 ml of 3% HC1-methanol for 3 h at 100°C. The methyl esters of the fatty acids were extracted with petroleum ether, rinsed with water, dehydrated with a small amount of anhydrous Na2S04, and then subjected to gas chromatographic analysis (11). The retention times of peaks in the chromatograms were compared with those of authentic reference fatty acid methyl esters, and the compounds were identified.
Isoprenoid quinone analysis was performed by the method of Collins et al. (1) . The cells were dispersed in chloroformmethanol (2:1, wthol), and the dispersions were stirred overnight at room temperature. Each mixture was filtered and evaporated to dryness at a low temperature under reduced pressure. The menaquinones were dissolved in a small amount of acetone and were purified by preparative thin-layer chromatography. The composition of the natural mixture of menaquinones was determined by reverse-phase thin-layer chromatography (Merck HPTLC plates, type RP-18F254) and mass spectrometry (Hitachi model M-80A instrument).
Carbohydrate utilization and physiological properties. Carbohydrate utilization was studied by the method described by Shirling and Gottlieb (13) , and decomposition of organic compounds was determined by using the procedure of Gordon et al. (7) .
RESULTS AND DISCUSSION
Morphological observations. The morphological characteristics of strains 153, 161, 164, and 208T (the alkalophilic strains) are described below (Fig. 1) . Abundant aerial mycelium was formed on the various agar media examined at about pH 9.5, and this mycelium fragmented into chains that were up to about 50 spores long. The sporophore morphology was rectus-flexibilis. Electron microscopic observations showed that the spore surface was smooth. Examination under higher magnifications revealed that the mode of sporulation of these strains was somewhat different from that of typical streptomycetes. Although the spore chains of mature cultures were almost straight, zig-zag-shaped aerial mycelium was observed at the beginning of sporulation. The aerial mycelium subsequently subdivided into spores of varying lengths, and elongated spores were observed. This mode of spore formation is in accordance with the characteristic feature of Nucardiopsis reported by Williams et al. (16) and Meyer (8). Fragmentation of substrate mycelium was also observed.
Growth characteristics.
Macroscopic growth characteristics of the alkalophilic strains are shown in Table 2 . These organisms grew well on most synthetic and organic agar media currently used for actinomycetes. They showed excellent growth and abundant aerial mycelium formation at pH 9.0 or higher and much less growth and aerial mycelium formation at lower pH values on the same medium. However, only scant aerial mycelium was observed on inorganic salts-starch agar with strain 153 and on peptone-yeast extract-iron agar and glycerol-asparagine agar with strains 161 and 208T. The color of the aerial mycelium was white to pale pink; a greenish shade was occasionally observed. The vegetative mycelium was almost colorless. A faint brown soluble pigment was formed on some media, but no melanoid pigment was produced.
Fatty acids, phospholipids, and isoprenoid quinones. Gas chromatographic analysis of the fatty acids of the alkalophilic strains showed that the main components were c 1 8 : 1 and c 1 8 : O straight-chain fatty acids, Cis:o and C17:o anteiso fatty acids, and C16:o and C18:o is0 fatty acids. The pattern of the peaks of the chromatograms of the alkalophilic strains coincided with the pattern of Nocardiopsis type strains.
The menaquinone compositions of the test strains are shown in Table 3 . All of the strains studied contained menaquinones having 10 isoprene units as major components, which is a characteristic of N . dassonvillei (17) . However, the degree of dehydrogenation of MK-10 varied depending on the strain.
The phospholipid analysis revealed that the alkalophilic strains contained phosphatidylcholine as a nitrogenous phospholipid, and we concluded that these strains have a type PI11 phospholipid (7).
Cell walls and whole-cell hydrolysate analysis. An analysis of whole-cell hydrolysates of the alkalophilic strains showed that they contained meso-diaminopimelic acid, although diagnostically important sugars were not detected (type C). Glycine, a characteristic amino acid, was not found in the cell wall (type 111).
Optimum pH for growth. The growth responses of the strains to the media adjusted to various pH values were as follows: the optimum pH for growth of the alkalophilic isolates was between 9.0 and 10.0; growth was poor at pH 7.0; and there was no growth at pH 6.5 and 11.0. The optimum pH for growth of N . dassonvillei strains is about 8.0.
Carbon utilization and physiological characteristics. Glucose, arabinose, glycerol, mannose, fructose, xylose, and mannitol were utilized by all of the strains. None of the strains utilized salicin, melibiose, raffinose, dulcitol, or inositol. N . dassonvillei strains grew with maltose and rhamnose, which were not utilized by the alkalophilic strains. Casein, xanthine, hypoxanthine, starch, gelatin, tyrosine, chitin, carboxymethyl cellulose, adenine, hippurate, and esculin were hydrolyzed by both N . dassonvillei strains and the alkalophilic isolates.
Identity of strains 153,161,164, and 20tiT. The presence of meso-diaminopimelic acid and the absence of diagnostically important sugars in whole-cell hydrolysates, the absence of glycine in the cell walls, a type PI11 phospholipid pattern, a menaquinone system composed of MK-lOs, the development of aerial mycelia with long spore chains, and fragmentation of substrate mycelia identify strains 153, 161, 164, and 20gT as members of the genus Nocardiopsis Meyer (16) .
Nocardiopsis syringae (9, Nocardiopsis mutabilis (12), and Nocardiopsis atra (W. D . Celmer et al., U. S. patent 55194C, July 1980) have been reported as new antibiotic producers. However, N . atra and N . mutabilis were easily differentiated from our isolates by physiological characteristics (Table 4) . N . syringae also differed from our isolates by producing dark brown substrate mycelium on organic media (5). Our isolates were closely related to but easily distinguished from N . dassonvillei Meyer 1976. Therefore, on the basis of the results presented above, we believe that strains 153, 161, 164, and 20gT should be considered a new subspecies of Nocardiopsis dassonvillei, for which we propose the name Nocardiopsis dassonvillei subsp. prasina (pra.si'na. Gr. adj. prasina leek green, referring to the mature aerial mycelium color). Type strain is strain 208 (= JCM 3336). This subspecies is easily differentiated from other strains of N . dassonvillei by its apparently higher optimum pH for growth and by its lack of ability to utilize maltose and rhamnose as sole carbon sources.
